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(57) Abstract 

A method of object management, in which object class identification information can be preserved, in object-oriented programming 
for future use, while it is difficult in the prior art to preserve objects and pointers. A trcc-Iikc structure (object tree) is devised for 
accommodating the objects, and the object identification information is given to each object. Pointer information can be preserved as a 
combination of the object identification information. The pointer can be reproduced by reading this pointer information and finding out the 
object designated by the combination of the object identification information. The object information can be distributed to a pluraliiy of 
apparatuses, and a simplified virtual memory can be accomplished. High level functions for an Intemet Web browser can also be 
accomplished by reproducing the objects and the pointer information on the basis of the information transmitted through a corrtmunication 
line. 
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St-So oil). ?Jlt)tti-rMI#i:'f-it5rifl!a-ri>¥fflH^Tyo^r-^ ACilfliAi ^iTv>^o EJSrii, 

:iC^?iJt:?E«^LTSItil1-J 8 0 7111, r:St??'J«r»^ ttl1-J 8 0 SISTMl, 5:^?iJ5r«itUL 

S^^i; riffE&i-^ (IrS-ri) ^■/vxi' h(7)i|^<7)tli^R^-*§aii-J 8 1 lo ^Jt LTl212t7)a 
1 tyvx^' h 2 0 4 7:?» rWI^^T'yx^' hOigSt$lt#(t^J 8 0 1 r-JtS^n-Cv^^OT-. a 

i 0 

{-tr^-vH > 1 1 . 4 trvx^r hoft-^lr^iaitlli) 

^y->'ii' hcoi^^Tl*, ^7'vxi' K^||-&i5lC7r-r ;V«r55-ltTiei*LT*4i:«|5-g-7i>'a7>^o/^„ 
S 9 »i C n U jt^ Ct- L t O -& o 
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Jim (0 9) i:T^)io 

^"^t-h \n^-th')7. y^^%-^h\ 9 0 2„ ^Tlia ^ 7s Y^-j K 2 0 3 tI^!}? fii, 

^^JC r7 7^;i'iScOjg^$-$tt#ft^)J 9 0 3o ^^J-Cli, 77'f;i-:StLT aO.bak ■h'^^H^ix 
tzt-ti>o -etT r7T'r;U^^;i--7*>J 9 0 itbo V y >{ aO.bak "tf^^^^izm^^^hixh-? y 
-Ou^t'^y^i: fp fci--5o 

r ^ >fr (fp) -CiS^ttio 

r^rv'x^' (-t^'->3>i i. 3) r»i, r^t^-t-s ost/S)) t 

■/vx^' hco^^Oif^$-#^tiltJ 8 1 lXfiOiI^J-eii4i^*t;^c7T>f ^i/*-^' (fp) ^ 

^cis r^tfc-t^ (WSt^.) :i-r-y^y f- O^fe^c0ttil=Sr§^tbtJ 8 1 llfili. ^tt-t^'vs^ 
Ti;i?gLTi/^4 r^:/vxi5' hw^-g-^rs^ta-fllij iDit-p*)-5.o ^ r-p=^ii t 4 ioli , 7t 

^v^OjtS:^ftT^)4o -f-T, [7 7 ^I'^SOJi^Sr^it^Jt'&.l 9 0 3I?1T-I1, r77'<;u 
<0jg^7j%v^;^^HI±, ^^^ittztf'yji{'Y\Z^i6^lhiX/z7r'<)ly^iF^\.^ij Ztttio 

a I tr-ysLi^ h 2 0 AKimtiy (tSt-S) t r v x h 0^fe^(7)it$R=Sr«^t- 
7 7 'f ;K7):Sh1I?: al.bak i L, *t>75^i:*:) a 1 ^^-yvx^' b 2 0 4 iZtSi^LXii < „ ::t07 r ^ ;u 

S/^, r7 7'f ;u;&oJg^t:^»t#tt4J 9 0 3I8-C% r7T^;i'0}&5E7J^tev^Jtg-g-ic(i, 77 
^JU^^iib^^fet-SJ i: LTiB.^'^o B?!!;^^. a 1 =J-y->'x ^ 2 0 4 C0:Sflu;6^ib, 7 7 -f a 
l.bak ^f^^i-'&o ^ci3, 7 7'f Ji/^S^^Ti^Sv^iTtcaj^t^JX-STi**-?),, 
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coi ^ iiix-ti^i/ 3 > 1 1 . 3 CO r^frvx:? h (ommm ^ mtTm -t -> a > i i . 

(C7 7'f JU>K-f >i'7i<it$*tio ^Cj-Cli, 7 7>f ;u*iM!l$fLSJt|-g-i:f5ii:-c^)-&7j^ fitSt 
h ^frvxi? Koft^coiffftttf^tbtj 8 1 iifir. ■t^' V 3 > 1 1 . 4 CO rtr 

-S't^ttiJ 9 0 lIS-C'e-(07 7'f Ji'*V>'^=SrSJt#»t'6o r7 7'f ;u«r^-7'>J 9 

0 4-r'5.Xlit r77'(';l'4-^'n-XJ 9 0 8i-*ISl±je«U<ev^o -^i r7 r t * - 7*> 
t-Sj 9 0 4Xlii:, [7 7 ;w5r a -Xt-iJ 9 0 4 Iigli, StJDHigib^ti.;^^ f^^-^vx F 

<-t^>'.3 > 1 1 . 5 ^T-vx^- hco1tm«rM«^^itrIS> 

:)[--fy^^(n-7 7 >\^^^'< y 9t^^x.hixx~^(Dt-rv x.C' YinrnthX^l. Oi:/f; 

to 

J-f r^^3i07 7'f ;K0jg^^rS«t#lt'5J 1 0 0 lo >1--C77'f Ji/*-f V:}' (fp) 7!)<4x.<b 
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m^7!)<i=?:?ij I a ] J Kthli. ^-rV^-i; hcO^mltCa 1 ^IJ^-tio 0 a 1 >f7->'j.^ h 2 0 
v;^^tc^^^ LT5e^$<x. ^(Dfj:i)-X\ # IttJ Lit^wtf t (;)llg#^^^gg ? ^ 

Tv^4o if#oi^<^i^iJVi!!:3it >/>--r*§3&t LT^t^n. -fo^ii-r, ^itbi 

r->'x5' hW'iEj&tcisi^-r'&j 1 oo6o (char-) (D^^^Wi^t i>m^\i . :^^v^]im.^>. 

'iLh. \Xm^:t^'y V(D^^\zWL^ti>\ 1 0 0 7o ^(D^<Dt~ 9mtLX%^ (char) i§ 
g^^aS (double) fSggJS (long int) =ir 7J^*);S)A<t!i^^tfB5mt:t ^./c*:)^B& L/Co 

t Aif, EI2<0a 1 :^7•vx^' h 2 0 4 U'K gf^ic pptr •) , a S^^vx h 2 1 0 

J: 0 . pptr <^)mfaiiiSi^t;l:^:^?iJ fa 1 J f a 5 J lc|E^^*t7 t ;wtcS^ th ^^^o ?T, 
a 1 :i-rvii' h 2 0 4 inmt iW&X- i S-^ri/s.if V 2 1 0^(r>^' y( > 9 '^Wi^n^-^ts t'S. 
ig!L/ci^?iJ fa 1 J fa 5J Ti'i^'bHio >:C)Bt, v^'fESScml-en^K^^^ (ppir=0;)„ 
'?-LT*V>i' pptr tr^-tlL-t'&+'^>^'g§am«i: LT. :$C^?'J«;^<^'g-*p-ti: (a 1, a 5) 
nti>o t'^ y 9-A^-]l'mizrj^^Xt^h, (aK a 5 ) ffl v^T a 5 * v x 1- 2 1 0 ?r ^ 7"->' x 
f 7 'J -04^T!t$^Lr, 7 KW^^ ppir lClS5E-t -iiiigii, -t ^ -> a > ] i . 8 crj 
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:^-7-VJc5' K7)4'<0:tr->'x^' Mi, C + + -Cii y 7.^^<D^l,Z^ SU CO ^' 7 60 -/ v x h 

i^-^n, rw£'-r* (tsti) ^7'vx^' h<7)^^(^mift$r^<^iitfj 1 0 1 oiiiT-(imi:< 

rpj-7'vxj' fMJtfS^I^<^^iZ.^^^->'-^^ H:SJ:^t;S.J 1 0 0 3III. T-f-coltbO^i-^vx^ 
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S1iD'7)^7'->'j: h<?5m^?J:^<^^iiO3!!!:S*0 1 1 U^to ri^<%^ii tr 7 r -< ;KO^t^t -git 

'^tsXW tigife-tij 1 1 0 3o -^tli-t^-va^ 1 1. 5 0IfiT-*-So \y7^)V^9 
n-X-th\ 1 1 0 4o 

-g- (-t^'v3>8. i#fi3,) ^s^tio ccote^. i.^m-th) jj-T'vi^' ho^fe-g-w 

lia rc/'x^r h 2 0 u^nm^n-io cttiun<7):trv''xi' nj^^v >'^'^sg3-r^.ifi, 

(-tr^'va > 1 1 . 7 :*--/vxi' hO^-g-^s^^iiOIg) 

if rtr-/x^' v(r>^^i^\n^i^hs 12 0 1c ii]2<oa o^yvx^' k 2 o i y/fs 
^^a/^ctt-So rjttis-r 4 ^ v^^m 1 2 0 2 l, -f-co7 ku^ (oi ») a 0 'j x h 

'^y K2 0 3<07 KU;^) ^. a 0 :t-7"->'xi' h 2 0 1 ^i^^^o';;^ K'^ct^;}?^ > - cgjg-^ 
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>x^'r^ miZ'-fi tyi/j^i^ v<D^^(DmmA<9^m^nrz7 7^ )v^tt^^i-;r,i 

1 2 0 3o •hi'v3> 1 1. 4 T'lfi^t/Ji 0 C<^7T-r;i/^of&^:^iit:iii»<07i^^o/^, 

a 0:*-7'vjc^' h 2 0 1 7><Jt5e$^Tv^40T\ a 0 :t7'->'x h 2 0 1 c7):^-7*->'x h^JlJtf 
(X^?iJaO) ^fflt^T, aO.bak 'Sr7 7^;u«t Lr#St^<, irio, C<7):Siiii, •ti^->3> 

r7r ;i/4-:t-r>J 1 2 0 4 L. T "pfT-v ji h comfS^tix^iitJ-IS" ^jgtfc 
ffi^?ft;t::j-7'->'i^' h-Jr'jx h«ciR$t^)J 1 2 0 5 o \y r ^ )\.<<zmm*ttzhbiPt 
^^■yi'\ 1 2 0 6 L. \ "^f'J Vmmnh^tsJJfr ^rSitiL, ^^^ixtz^f 

vx^ K7)>€ KU7.?:>J7. HciR^I-iJ 1 2 0 5 III^r«ligto C *tt: J; I) , aO^rvx 
i^Y2 0\ izMfZ'i-i>:i-y'y^i^ ^<73^-g-2 0 2 75^mSfi£^*tio r7 r #7i^'i /i*;b75^^ 

^^■yfj \ 2 0 ei-^xmn^^. i.ntiy^^ztt'mmi-fiii. r7T'r;i/^^'D-x'j 1207 

fzttii. mzcoa 1 jfrvx^' b 2 0 47j^'ba 5:^-7'>'i^ h 2 1 O'^O^K-f > □ 
7i-'IS:5£$*i.T(.^S (pptr=0:) 7><. 'hW^' pptr t:WfE--f--2> > ^'igl31t$ft t LT > :5:??iJ<7)|l 
^'^t>-\t ( a K a 5) A^Jg^^tlTV^i tt-bo ttc. - ^ > f 7 x.- 7.i)^h^' -i y 9 ^W. 

'H'O^' pprt $rftffl■^^>^^Il^^ pptr iOfil^^x 7 i'-f pplr Oli*>-fcf DT-i-^^i-g-li, Jfj^. 
1-^>;^•'r i'^'®53t«8l«-#fiBU. (al, a 5) ^•^#^)o i^t^J^^'K-l' >':J'oS 19 a 5 tr^x ^ h 
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r^j-T'vii' VmW'^mff^^^'kh^cD^^^^i^ii^ii ^ \ l 3 0 2 o - -T- ( a K a 
5) <> ^rvxi? h^SlHfffi<oa*^-&-t)-ttt UT (aO. aK a 5) 

f^flfetT'vx^' a 0=j-rvx^' h 2 0 K ^trvx^^ h§&glJii$SoM<^^*?-ti-i: LT (a U a 

'Xl-'tc rjg35$^x/w^:^->'xi' hO'JX K-vc7)5}.V>^'-^^x7^'t'5.J 1 3 0 3o +••1' 

5#fl?.) 0-C\ rtT'vx^ hcD^'g-^^^iitflli^JrSii-tiJ 1 3 0 5 o CI <7)I?i;±-t 
■> 3 >- 1 1 . 7 "Cgi^g L/Co ») Fa 0 tr-xx h 2 0 1 ujttj^;.-t t r •>' x h co^ 

2 0 2 755H^3^n-&o 

mm^tt^ir-xv^ir VizMBt^tr'JsLtr i 3 0 6o mx'\i. a 0';;^ 

vxi' vmmmwL<om^'kb-^'k^^-L. 5feai<o:^-rvx^ n&sumii^giji^tij 1 3 o 7o w 

Til, (a 5) ■/)mhiXio m&.(0^l&.tLXrll^iii>mmn^\^~^ivbi)^. tY-ys.^ hlftgij 
TiS^LtbL/j^yvx^' h4-filSBg<!&tyvxi' hit. n L 7- vx^' HSigiJtf m^M^-^ 
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^^-ei: LT (a 5) ^^^^^tii>o Itf-yj-f Ymmmo^&^^t>^(D^9M(r>y^■lry a. htSi 
^m^i^-^tf-yj^i^ Vi. i^m^tt^tri/xi^ Hc^tiDt^^J-yvx^' V(Dm'^(Ot£:i-'A-hW: 

hco^i^UT K 1^:^5:120 L«St* J 131 1 I^iUil^jitfo 

riSLmL/w^rvx^' h(7)y* >J7 Kl/T.Sr^^t'bJ 131 1 XfiT'iieia)x;t:-?-(7)> ^ ij 7 
Kb;'.^$S^t4o C^lA^^tT'vxi!' H«ilgljm#Oia<;^*-g-b-ti-:iMbt7'->'x ^' h ^!f#St -SX^IO^S 

-b^'vavi 1. r^T'vxtJ' h^giJffi^Offl^'g-t>-ti-75^ibt7'->'x^ h^!|tS-r?>T.^SJ i: 
:*-7"vxi' h 7 •J-OffiTCWtT'vxi' h ([a2T-ll a 0 :t-rvx h 2 0 1 ) <7),^A^ri 

*tif . 7 7" 'j - -> 3 > f c t L < r >(, a V ^6 
•ti'v3>8. ICO rf!B^/<-^v;u>^'; J -CM^^L/c:^*!!. 'Jc7;figfflS7'r'-£lilJilX(: 
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\^%ho V 3 > 1 1. 2 0 f'l-T'vx:!' h--(7)*V ^rJ-^if^^S^ail-XliJ T-|j: 

rE12<7)a 2;^•7•i/'x^' h 2 0 5 Ti^JES $ ix/c 1 1 o J/c, 7 t a2.bak (i a 2:t7"vx^' 
h 2 0 5 tc9l(IiwJ|:^$nTV^675N i/^lia 2>}-7'->'x^' }• 2 0 SCO^Smla 2 gtSWl^'f'PBX r 

>! C7)^^, -t -> 3 > 1 1 . 3<r) rtT'vx^' hC7)fi#^Jr«:^{titIflJ t, -t^V 3 > 1 1 . 40 
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)i' a2.bak trtti:;^ $tT.<5>o 

2 0 5*«{^Jt-r'5) a 2 'J;^ K2 1 Z-ncO^H-T > (D^i -if a {zt i> 0 C^^7!»^ ■ti' ■> a > 1 1 . 

C:K.=S:fB5J^lc-^x.^ J: T »:-t-.6;t*:)i:i±, i'rLv^^'^x (7^^ ^'yJ^) class Ptrll: ^a«fet 

-bV^h^ J'-f A>^^'>y|Sfil^iBc, i:m^-tio ifz. K^tlX. void* Ptr: :operator->() I" 

1 1. 8 t:$:-t^'-> 3 >f|54^L/^o Ptr::operator->() Oil 0 ffi^r g 6<j«0:t ->'x 5- h (Dgll-t 4 
Uli, Safe Casting ^: irco^fel:fflv»TSI^^=Sr^f 'tx.tf^v^o 

J'yx Ptr 'K'f >^1til^#lliltM3gc void Prt::PrtOut() r^T-vxJr h^^Um^coia 

M» void Prt::Prtin()rt7*->'x^' \-m.^\i^^in^ih^^-/v ym.mm<oi&^^h^^i]L 

IS Ptr APrt: X'^^^ y ^ y ^(D^^^^^lk^i^fzi^"^. APtr.PtrlnO : r-:i-7*vx^' hs&glj 
^WL<D^^^t>-^-/}^B.^Thi*i^o APtr.opcrator->(): "eg 7'vx h (7) ^ ^ 'J 7 K W;^ ^ 
!}fS-ri^*«ffi*io -E-LTAPtr.PtrOutO; Xt riy sl i' hmsmmnl&^iftyittmti ^i^io 
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a 1 t^vx^ h 2 0 4 gt»^^^g^t-5gE&^#ML, Pgt»«i:^ r->'x ^ 

>ii. 7<D y<D^'t^sK^ihtsxm] xi)!bo -^i^) . -ti^'ys'y I 1 . 8 0 r^-/ 

^•fj'o^jjij xm^fzijmi. mm<om7t^7 7^ )v rsmmm A^h^mmr^i>^iiximm^ 
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m^^icmift'&iK^iitrs^cji, m^hth {^m-h) ^-y-j^^ \o^%^<j^%m.^m.h.--i^Ks\ 

SeSftt'Lo r^frvxi' hWffi^?:^;^i?itrXe«:iefi)t4J 1 1 0 3 ISi; i 0 , -t -> 3 > I 1 . 
y^!; Y<r>%'^<nmm.-^^h.'-)Ltj\ 1 0 1 Olg-C, -b^' -> 3 > i l . 7 co f ty->'x hw^-g-^ 

->'xi' fiOlt^:^^,^^tri:ej (D \i'y:^m.'Sm^im'f*-^^tr-y^^ hirimti] 10 02 
I?I-C{^fi5tL/^:j-r->'x^ hTi>ho 

<-b^'v3>ll. 11, 2 -o<7)7 r 'f ;ko^^> 

i-f. -tiri/B'y } I. 6<0 rStO<^t7'vxi' HrlS<^jitfIlf J ?r>|eSI)i-*o f 1 7* v x ^' )■ c;) 
if^^rl^^iitfXli^r^efttiJ 1 1 0 3XfS(CJ: 1} . -ti' -> 3 > 1 1 . 5 (D f y y. ^ h (D^m 
'kB.^^tsXm i)^1&W}^^i>o C^T-. fWSti. (tSti.) ^T'vx^' hO^I'g-wm^^rlx.^ 
iit/J 1 0 1 Oier% -t^rvsVl 1. 7<7) r^7'->'x^' h^;^-&«rlx^iitrXSJ tSe|()t^-. 
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f^a, *rvi hc7jff^^§tt#lt4J 1 2 0 1 -CcoJt^li. -t^'xavi 1. 5 (7) f yt- r jc 

^ h(o\^Wiim^^isxm (D [i^y:^mmmm.^&^:^r'yj^i'hn^^thj 1 002111 
rwtt.-r^. (tsTs) tr-y^^^ h(o^^(D^m'^^th^Mz7 7 ^ iii^^n^-ra 1203 

IS. r V r ;l/^:i--y>J 1 2 0 4 l-^>Xg. [ 7 7 ^ Ji^i a - X ] 1 2 0 7 -T^X^iH;^ 
, -t i> -> 3 > 1 1 . 5(D [:i-riy:t.^ hn^nmim^ihtrXm} t-tf 'y 3 > \ I . Tcor^y 

<-ti'->3>ll. 12 -/U^--7 

fi^eis-r^o J^^, ^xm^^hiHimjimi^nb^^-y h-Ami>i^'ki,i>i>o ra^^c r^tjkai 

-fe^'va > 1 1. in \t7-'J^'!^ hnimU^Xmi 1 4 0 2,-t^->3> 
11. 2 «0 r^J-rvii' >J'fiOif$g$'S#tb-tIMJ 1 4 0 3 . -t^ -> 3 > I 1 . 3(7) 

r^j-^vx^^ hcotf^^t^tbtisj 1 4 0 4 , -t^' ->3 > 1 1 . 4 o rt7'->'x^' Kcoife-g-^^ 

l<tB1-IgJ 1405,-t:^'v3>ll. 5W r:i--r-y'x^' K cotf #S'l^<^iitfX?iJ 1 4 0 6. -t 
-> 3 > 1 1 . 6<r> r«:iO<^5fr->'x^' h=S:lK<i^jitrI?iJ 1407.-b^'->3>'ll. 7(0 \ 1 7' 
'yji{'h(D^'t^n^ihttX^i 1 4 0 8, -t^->3 > 1 1 . f^rvx^ H6gljm«(73ffi,^^ 
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0 2 ^mWjtho 

vx^' h7';-0«7C<7);^--/->'xi' V (Iil2i:f>lf a Otrvx^' h 2 0 1) ^r^g^LT, f^f-^ 

y i^^^tsXllll 1 4 0 7 ^^m-fho i f) , trvx^- 1- 7 -<734fi7CO:^7'->'x ^' h 

((212 lb If a 0 t-rV^ir h 2 0 1 ) A^^S^^iio 

*?-tt7j^c>c0:i-7'vxi' h^^ij^^t'&XSJ 1 4 0 97!)^^l!i^^4o ^fiTi^t, ft r->'x ^ h o^-g-^ 
M<^iitfXfIJ 1 4 0 8 A^ieib^n. rtrvx^' hWlf^^lS^^tflSJ 1 4 0 7 7)^-jSE) ? ^1, 

rA;^asj 1 5 0 \ i}-h(r>Kt!^ SXti^^^m 1 5 1 OT-^tffL< i^j:L-1--5.^ei;m-^^i3l'bc 
^^'^5:it4BJfim<^*)i^g»i. r^T'vxi' h ofMi|X?r^g:J 1 5 0 2 . r^7->'xj' h-xa; 
'K-1'>^'^m^^»^tlli-¥SJ 1 5 0 3 , rtyvx^' h^1f^i^t^ttlt¥-g5:J 1 5 0 4 . \^ 
•y-'y s-Cf V(n%%^m^)^-t^WL\ 1 5 0 5 . r:t7'vx h Wtf^^^,^iAtf^g:J 1 5 0 5. 

\mnn-^zr'y,L^ v^m^^ts^m 1 5 0 7 . rt-rvxi' hcoife-g-^if^iit/^^j 1508. 

-t^'va^ll. 12TgiWL/j. rtrvx^' K73f^BXi|XSI8J 1 4 0 2 . \^iryj.9Y-^n 
*V >J'<7)|f#S=g:#^tbtIfIJ 1 4 0 3 . r^-Tvx^ hOiS^li^S^mtlSj 1 4 0 4 . \^ 
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-r->'^ir yn^^t^kmi-xm] i 4 0 5. r^yy^ ^ h om«^s£<^.iitfZiij i4 0 6, 
r Kofmiixs^is:j 1 5 0 2 cM^t^xti^f^it. r±Emgi5j 1 5 1 i omst 

r:tr->'x;' hO^^^r^lth-t^^J 1 5 0 5 '^<Om■f-75^ :trvx^' ^7'j-^7)^I7cO:t7• 
->'x^>^- (|2l2':f f,tfa 0=i-yvx^ h 2 0 1) *rj§^ LT v.^J^-^ji, r±iS1fg15J 1 5 1 I 

r^yvx^' hco*^S-SJtb-t¥^J I 5 Q5A^h<Dfi^t< [Xltj^^mj 15]0^gaLT 

rt^vx^' ho{f^$rt^tu-t#^sj i 5 0 4 tc, f'j-rvx^ hcDffii^*^tb-r^^j 

1 5 0 4 75^t>OM-f-Af rA:t?«-*f¥l8:J 1 5 1 O^^igffiLT f^frvx^ h-^O^'-OiJ-cOlf^g^S 
:J-rvxi^ h7'J-(7)S7C(7):trvxj^ h (1 2 1/ a 0 ^j" r V x h 2 0 1) iri^^Ltz^^ 

^tr•>'x^' h coifed ?-ii<i^i2,tf^aj 1 5 0 8 , r^rvx^ hcomis^ifAiitf^^j iso? 
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il * O Ie H 

:i-rvx^ ^t^i:^fto 
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